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Low attentional engagement makes attention network activity
susceptible to emotional interference
Verónica Mäki-Marttunena, Natasha Pickardb, Anne-Kristin Solbakkd,
Keith H. Ogawac, Robert T. Knightb and Kaisa M. Hartikainena
The aim of this study was to investigate whether
emotion–attention interaction depends on attentional
engagement. To investigate emotional modulation of
attention network activation, we used a functional MRI
paradigm consisting of a visuospatial attention task with
either frequent (high-engagement) or infrequent (lowengagement) targets and intermittent emotional or neutral
distractors. The attention task recruited a bilateral
frontoparietal network with no emotional interference on
network activation when the attentional engagement was
high. In contrast, when the attentional engagement was low,
the unpleasant stimuli interfered with the activation of the
frontoparietal attention network, especially in the right
hemisphere. This study provides novel evidence for low
attentional engagement making attention control network
activation susceptible to emotional

Introduction
Humans efficiently select relevant information from a
rich multisensory environment to accomplish desired
goals. Selective attention permits the selection of goalrelevant sensory stimuli by allocating the limited pool of
neural processing resources to the context-relevant stimuli, at the expense of competing stimuli [1]. A distributed frontoparietal network is involved in the control
of selective attention by exerting top-down modulation
of lower-level sensory brain areas [2].
Emotional stimuli occurring either inside or outside the
focus of attention readily capture attentional resources for
the processing of those stimuli, particularly for aversive
events [3]. However, attentional and emotional goals can
be in conflict requiring attentional resources to be allocated to prioritized actions [4]. Competition between
bottom-up emotional distractors and attentiondemanding task-related targets may lead to diminished
activity in the frontoparietal network subserving task
performance [5,6]. This competition is supported by our
previous findings of task-irrelevant emotional stimuli
interfering with right hemisphere-dependent processes
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such as global level visual processing [7] and left visual
field stimulus attention [8,9], accompanied by diminished event-related brain potentials to targets in the
context of emotional distractors [6,10]. This reduction
was the greatest over the right frontoparietal region [6].
Patients with neglect show similar disruption of right
hemisphere-dependent left visual field detection performance, further impaired by preceding unpleasant
emotional stimuli [11].
According to the load theory of attention, high perceptual
load that exhausts perceptual processing capacity
decreases distractor interference [12]. Studies on
emotion–attention interaction have mainly focused on
the impact of task load on the emotional networks, with
high task loads tuning down the emotional brain [13–15].
However, less is known on the impact of task load on
emotion–attention interaction within attentional networks. As opposed to high attention load, low load has
been shown to lead to greater emotional interference
[12]. Thus, low attention load might be expected to show
greater interference on task-related attention network
activity.
Better understanding of the emotion–attention interaction is clinically relevant as alterations in this interaction
are associated with psychiatric disorders such as anxiety
[16] and depression [17]. In these conditions, there is an
excessive tendency to focus selective attention on
negative information, which may interfere with cognitive
performance. When attentional and executive resources
DOI: 10.1097/WNR.0000000000000223
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are occupied by negative information, cognitive performance that relies on attentional and executive resources
may be compromised [7].
Here, we extended our previous event-related potential
studies on emotional influence on frontoparietal attention
control networks to explore the effects of varying task
engagement on emotion–attention interaction with
functional MRI (fMRI). We investigated whether the
emotional modulation of attention control network is
dependent on task-related attentional demands. To
assess this, we used a visuospatial paradigm consisting of
target discrimination with some targets preceded by a
brief presentation of a neutral or an unpleasant emotional
distractor. In different blocks, different proportions of
task-related targets were used to produce conditions with
either a high or a low attention demand.

Experimental procedure
Fourteen healthy right-handed adults (mean age
32 years; range 20–59; men: five, women: nine) participated in the study. Participants gave their consent
according to the University of Berkeley Guidelines and
approved by the Ethics Committee of the Institutional
Review Board.
Two sets (unpleasant and neutral) of 48 images were
chosen from the International Affective Picture System
[18]. The mean arousal ratings for unpleasant and neutral
images were 5.8 ± 0.8 and 3.5 ± 0.6, respectively.
The visual stimulus material was delivered using
Presentation Software (http//www.neurobs.com). Participants
were instructed to keep their eyes on a fixation cross in the
middle of the screen throughout the presentation of the
stimuli and to discriminate between standard and inverted
triangles (target; 150 ms duration) randomly presented in
the left or the right visual hemifield. A brief emotional
(unpleasant) or neutral picture (150 ms duration) was presented centrally 350 ms before the subsequent target.
Participants responded to the orientation of the triangle
pressing with different fingers if the triangle was pointing
upward or downward. In trials where no picture and/or
target was presented, a fixation cross was presented
instead.
Each scan session had eight runs consisting of five different blocks, each corresponding to a different experimental condition, separated by a fixation block. Within
each session, blocks were presented in a semi-random
order. Each block consisted of 16 trials. Within blocks
with different trial types, the trials were presented in a
semi-random order. The response hand was counterbalanced within participants. The experimental blocks
were: targets alone, 14 trials of targets without preceding
pictures (TRG) and two extra fixation trials (FIX);
emotional images alone, 14 trials of pictures presented
alone (unpleasant pictures: NEG; neutral pictures: NEU)
and two extra FIX trials; high attentional demand, 12

trials of targets preceded by pictures in all the trials
(unpleasant pictures targets: NEG-TRG; neutral pictures
targets: NEU-TRG), two trials of pictures alone, and two
trials of targets alone; low attentional demand, 12 trials
with pictures alone and four trials with targets alone
(unpleasant pictures or targets: NEG-trg; neutral pictures
or targets: NEU-trg). The fixation block (baseline)
between the task blocks consisted of 10 s of presentation
of a fixation cross.
Images were acquired with a 4 T Varian INOVA MR
scanner (Palo Alto, California, USA, http://www.varian.
com). Functional images were obtained using a two-shot
gradient-echo-planar sequence with a repetition time of
2 s, echo time of 20 ms, and flip angle of 70°. Each
volume consisted of 18.6 mm axial slices with 0.5 mm
interslice gap. Each slice was acquired with 24 cm2 field
of view with a 64 × 64 matrix size, giving an in-plane
resolution of 3.5 × 3.5 mm. A total of 170 brain volumes
were acquired per scan session.
Images were analyzed using SPM8 (Wellcome
Department of Cognitive Neurology, London, UK)
implemented in MATLAB 12 (Math Works Inc., Natick,
Massachusetts, USA). The functional images were temporally aligned, corrected for movement, and spatially
normalized to fit to the template created using the
Montreal Neurological Institute reference brain based on
the Talairach coordinate system. The spatially normalized volumes consisting of 2 × 2 × 2 mm3 voxels were
smoothed with an 8 mm full-width at half-maximum
isotropic Gaussian kernel. No participant was rejected
because of excessive head movement (< 1 mm).
A canonical hemodynamic response function was used to
model task-related activity in a blocked design.
Individual linear contrasts were applied to the design to
investigate networks associated with each condition with
respect to baseline. The design matrix included correction for head movements as regressors of no interest.
To identify the brain areas commonly activated across the
whole group, a second-level analysis was carried out,
treating participants as a random variable.
To test the effect of emotion and attention load, an
analysis of variance (ANOVA) test was performed with
main factors: emotion (levels: neutral and negative) and
attention load [levels: no response (pictures only), low
(pictures with infrequent targets), and high (pictures with
frequent targets)]. In regions about which we had a priori
hypothesis, a correction for multiple comparisons across a
small volume of interest to the P-values in this region was
applied [19]. Volumes of interest for bilateral middle
frontal gyrus, bilateral precentral area, superior temporal
gyrus, and inferior and superior parietal lobes (IPL and
SPL) were defined from automated anatomical labeling
atlas [20].
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As a further test, we calculated the percent signal
intensity change (%SC) in the anatomical regions of
interest (ROIs) [21] extracted from the automated anatomical labeling. The areas studied compose the attentional network as reported in the literature and included
bilateral ROIs of frontal inferior, middle, and superior
gyrus (IFG, MFG, and SFG), IPL and SPL, precentral
area, and middle and superior temporal gyrus (MTG and
STG) [2]. IFG was in turn divided into anterior, middle,
and posterior segments (ant-IFG, mid-IFG, and postIFG). The %SC from the common precondition baseline
was calculated with the Marsbar Region of Interest
Toolbox [22] for the different task conditions for each
anatomical ROI.
SPSS software (SPSS Inc., Chicago, Illinois, USA) was
used for statistical analysis. Repeated-measures ANOVA
was performed on reaction times (RT), accuracy, and %
SC values, and Greenhause–Geisser correction for
sphericity was applied. Main effects of emotion (two
levels: neutral and negative) and attention load and their
interactions were investigated. For RT and accuracy, the
factor attention load had two levels: pictures with high
task engagement and pictures with low task engagement.
For %SC, the factor attention load had three levels:
pictures, pictures with high task engagement, and pictures with low task engagement. Significance level was
set at P value of 0.05. Post-hoc analysis was carried out
with paired t-tests.

Results
Behavioral results

RT presented significant emotion and attention load
main effects (P = 0.044, F = 5.07 and P < 0.001, F = 26.29,
respectively) and a significant emotion–demand interaction (P = 0.006, F = 10.8). Post-hoc comparison showed
that, in high task-engagement conditions, RTs were
slower to targets preceded by negative pictures
(696 ± 36 ms) compared with targets preceded by neutral
pictures (683 ± 36 ms). In the case of low task engagement, targets preceded by both neutral (730 ± 48 ms) and
negative (729 ± 41 ms) stimuli were associated with significantly longer RT than those of high task engagement
(P < 0.001, t = 4.79) but did not show differences
regarding an emotional factor. Accuracy in target detection was not affected by either the presence or valence of
the preceding pictures.
Imaging results

In experimental blocks with only targets (TRG), brain
activity associated with the visuospatial task was found in
the medial frontal areas and bilateral frontal eye fields
(FEF), IFG, MFG, and IPL (Supplementary Table 1,
Supplemental digital content 1, http://links.lww.com/WNR/
A292).
To study the effect of emotional distractors on this
attention network, brain responses were examined in the

conditions where different proportions of targets were
presented – that is, when different task engagement was
required – in the presence of unpleasant or neutral images. The ANOVA analysis showed an increased involvement of the bilateral MFG and FEF, bilateral IPL, and
right STG with increased attention load (Fig. 1a;
Supplementary Table 2, Supplemental digital content 2,
http://links.lww.com/WNR/A293). In addition, there was a
main effect of emotion on bilateral insula and STG. A
significant interaction effect of task engagement by
emotion was seen in bilateral SPL, right MFG, and left
FEF. Post-hoc contrast showed significantly greater
activation in context of neutral compared with emotional
distractors in the low task-engagement condition
(NEU-trg > NEG-trg) in the right hemisphere in MFG
and STG and in bilateral IPL and SPL (Fig. 1b;
Supplementary Table 2, Supplemental digital content 2,
http://links.lww.com/WNR/A293). In contrast, there was no
significant activation in the neutral over negative comparisons. These results indicate that the presentation of
unpleasant images affected the activation of brain areas
subserving attention control when targets were presented
sparsely within the block (i.e., task engagement was low)
but not when they appeared in every trial (i.e., task
engagement was high).
To further examine these differences, we performed a
ROI analysis in circumscribed anatomical regions associated with attention processes and extracted the mean %
SC values. The results revealed that several areas of the
right hemisphere presented statistically significant
interactions of task engagement by emotion (P < 0.05):
right IPL, MFG, IFG, and STG (Fig. 2a). Marginal
means comparisons showed that, in all these ROIs, the
activity was low in conditions with images alone irrespective of their emotional valence but increased because
of the attentional task in NEU-TRG, NEG-TRG, and
NEU-trg. Notably, the activity did not increase relative
to baseline in the NEG-trg condition in which there were
few target trials within the block, thus evidencing an
interaction between emotion and attention processes
(right IPL is depicted as an example in Fig. 2b).

Discussion
Two interacting attention systems have been proposed
based on neuroimaging studies. The dorsal network
includes frontal eye fields and intraparietal sulcus/SPL
and is involved in voluntary top-down attention. The
ventral right lateralized frontoparietal network includes
IFG and MFG as well as IPL and STG in the temporoparietal junction, and it is involved in orienting attention
to salient stimuli or to infrequent targets [2,23]. In the
current study, we found areas from the dorsal and ventral
attention networks recruited by the task, as previously
reported in fMRI studies of attention in the context of
emotion (for a review, see Viviani [24]). Importantly, we
demonstrate that low attention load predisposes the
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(a) Main effect of attention load. Regions belonging to the dorsal frontoparietal attention network show greater activation with higher attention load
(P < 0.05 FWE); (b) emotional modulation of attention network during low attentional load. NEU > NEG contrast in low attention-load condition
(P < 0.0001 uncorrected for visualization). IFG, inferior frontal gyrus; IPL, inferior parietal lobe; L, left; MFG, middle frontal gyrus; PA, precentral area;
R, right; STG, superior temporal gyrus.

Fig. 2
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(a) Average values of percent signal change (%SC) in the different task conditions for the following regions of interest: right superior temporal gyrus
(STG R); right inferior parietal lobe (IPL R); right inferior frontal gyrus (IFG R), and right middle frontal gyrus (MFG R). (b) %SC values of IPL R as in
Fig. 2a are depicted for the conditions with targets and distractors.

ventral attention network to emotional interference. In
the low attention-load condition, activation in IPL/STG

and MFG was reduced by emotional distractors in comparison with neutral distractors. In accordance with the
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load theory of attention [12], lower attentional demands
due to infrequent targets lead to greater bottom-up
emotional interference with task-related attention network activation.

attention load led to greater effect of emotional distractors on attention network activation; however, high
attention load did not prevent emotional stimuli from
being processed.

MFG has been suggested as the link between the ventral
and dorsal attention networks, allowing for flexible
interaction of the two attention systems when top-down
and bottom-up attentional demands meet [23].
Suppression of MFG activation due to emotional distractors has been previously reported with fMRI by
Yamasaki et al. [5]. It has been suggested that frontoparietal control recruited by a highly demanding task may
facilitate the disengagement from emotional distraction
[25]. Reduced frontoparietal network activation due to
unpleasant emotional stimuli in the low load condition
may be related to greater challenges in disengaging
attention from emotional distractors back to the task
during low attention load. This facilitation of attentional
disengagement from emotional distractors due to greater
frontoparietal control might explain why no emotion
effect on attention network activity was observed in high
attention-load condition. When targets were sparser,
disengaging attention from distractors back to the task
may be less efficient due to weaker top-down control.
Weaker or less consistent top-down control of attentional
resources to the task was reflected in overall slowed
response speed and lower frontoparietal attention network activation due to low load. Weaker top-down control of attentional resources allowed for greater bottom-up
influence of emotional distractors, reducing task-related
attention network activity. In the current study, the low
attention load with more time off task most likely allowed
for repeated negative emotional stimuli to induce negative moods, mind wandering, and reduced shifting of
attention to the task-related processes (i.e., stimulus
expectation, response selection). Negative moods are
associated with more self-centered thoughts and mind
wandering [26].

We conclude that emotional distractors were processed in
both high and low attention-load conditions as indicated
by emotional modulation of response speed in the high
attention-load condition and emotional modulation of
frontoparietal attention network activation in the low
attention-load condition. Furthermore, there was greater
activation of insula and STG during attention task with
emotional distractors independent of load, supporting
orienting of attention to salient emotional distractors in
both conditions. In addition, insula and STG activation
modulated by emotional distractors during attention task
points toward the previously suggested role of these
regions in integrating emotional and attentional
demands.

Behavioral data showed significantly faster RT in
response to targets during high attention load blocks with
respect to low attention load blocks. In the former case,
participants expected targets in every trial, and consequently reacted faster than when the targets occurred
unexpectedly, as was the case in the low attention load.
Interestingly, RTs in the context of unpleasant distractors were longer in comparison with neutral distractors in the high attention-load condition. In contrast,
in the low attention load, additional slowing of response
speed due to emotional distraction was not observed.
With only few targets in the low attention-load task, there
are not enough data to reliably assess possible emotional
interference on speed or accuracy of responding. The
emotional interference observed as slowed RTs in the
high attention-load condition suggests that emotional
stimuli were processed at least initially to an extent that
they differentially influenced response speed. Thus, low

The insula is also considered to be part of the ventral
attention network mediating bottom-up control of
visuospatial attention and has been assigned roles in
emotion and attention regulation [27]. Specifically, insula
is thought to allow for detection of salient stimuli [28]. In
concordance with these functions, we found attention
task with emotional distractors to activate insula to a
greater extent than task with neutral distractors.
As shown in the current study and previously in healthy
individuals, vulnerability of the right hemisphere
attention network to emotional capture of resources [6,7]
can lead to further deterioration in patients with compromised right hemisphere attention performance due to
neglect [11]. Better understanding of emotion–attention
interaction in healthy individuals provides insights
into its alterations in affective disorders, in attentional
deficits, and in treatments that directly influence
limbic and associative circuitries behind this interaction,
such as deep brain stimulation [29]. The current
study points to the intricate interplay between emotion
and attention with clinical relevance in treatment and
rehabilitation of patients with emotion–attention
dysfunction.

Conclusion
Our study demonstrates that the frontoparietal attention
network, especially the right lateralized ventral network,
is vulnerable to emotional interference. Furthermore, this
interference effect depends on the level of task-related
attentional engagement. Low level of task engagement
allows for a greater influence of emotion. The current
study contributes to the literature on emotion–attention
interaction with novel evidence for greater influence of
emotional stimuli on attention network when top-down
attentional control is weak or inconsistent.
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